Abstract: The original objective of cross breeding was to develop high-yielding spring barley with high barley yellow dwarf virus resistance. Imen is an F5-derived line with the original experimental number 137. A single seed selection breeding method was used to develop the cultivar. Imen is well adapted to semi-arid areas, carrying the resistant gene Yd2.
Introduction
In Tunisia, the cereal sector is one of the most important components of the country's food balance and is considered a priority in the national economic policy. However, production levels remain dependent on weather conditions and disease constraints in most regions. Of all biotic stresses, viral diseases present a major constraint limiting the expression of genetic potential of most crop species and varieties. Several viruses can attack cereal crops, but the most common is the barley yellow dwarf virus (BYDV). Since its discovery in 1951, this virus has been the subject of several studies. It has been recognized for some time as being found worldwide and has all the characteristics of the most serious cereal virus (Rochow et al. 1986 ). It is responsible for an annual loss of 1%-3% of international cereal production. This loss can reach 20%-30% in some regions in the case of an epidemic (CIMMYT 1984) . In Canada, an outbreak of this virus occurs once every 4 yr (Haber 1990) . In Great Britain, BYDV is the most common of the cereal diseases (Baker 1990 ). In Italy, rice BYDV infection was reported for many years (Gorbetta 1967 ) until resistant rice varieties were introduced. In the same country, barley, wheat, and oats suffered from a severe infection of BYDV for the first time in 1977 and 1978. Other outbreaks have been reported around the world, notably in the People's Republic of China in 1978 , Morocco in 1980 , Syria in 1982 , Spain in 1983 , and Turkey in 1983 (Conti et al. 1990 ). Surveys carried out in Tunisia over the last decade have shown that the yellow dwarf virus transmitted by aphids in barley is considered the most common virus, with contamination levels reaching over 40% in barley in some regions (Najar 2009). Suneson (1955) identified a recessive gene conferring a moderate level of resistance to BYDV in barley. This resistance gene was subsequently named Yd1 but was never really exploited. Rasmusson and Schaller (1959) discovered a good source of tolerance in the Ethiopian barley lines and other varieties of different origins, conferred by a major gene (Yd2) that was later located on chromosome 3 (Schaller et al. 1964) . This gene presented a major interest for barley breeding programs (Collins et al. 1996; Habekuss et al. 2000; Ovesna et al. 2000; Riedel et al. 2011) .
Barley is the second most widely cultivated cereal crop in Tunisia after durum wheat. It is adapted to severe climatic conditions and is most often grown in arid and semi-arid areas extending from the north to the south of the country (El Felah et al. 2015) . Barley grains and straw are very important for feeding animals in those areas where grass is often rare or absent. Hence, a minimum of barley production should be guaranteed each year, but limiting factors such as extreme drought, salinity, and disease are becoming more and more drastic. Field surveys and laboratory analyses have indicated that BYDV-PAV (genus Luteovirus, family Luteoviridae) is the most widespread virus in Tunisia. BYDV-PAV is persistently transmitted by various aphid species and most efficiently by Rhopalosiphum padi. Genetic resistance is known to be the best method for controlling virus infections. 
Breeding Methods and Pedigree

Early generation population development
The original population was developed by crossing resistant cultivars carrying the Yd2 resistance gene for BYDV-PAV used worldwide in barley breeding programs. Ten F2 barley segregating populations were kindly provided by the International Center for Agricultural Research in the Dry Areas. A few seeds from each plant were used to evaluate the population for resistance to BYDV. Plants were artificially inoculated with BYDV-PAV by viruliferous Rhopalosiphum padi (minimum five aphids per plant) in the field at the 2-to 3-leaf stage. Selection of resistant lines within F2-F5 was carried out from 2003 to 2006 using (i) serological tests (ELISA), (ii) plant indexing for BYDV using a symptomatic scale scoring severity of 0-9 (Qualset 1984) , and (iii) molecular analysis using polymerase chain reaction -cleaved amplified polymorphic sequence (PCR-CAPs) primers to detect the presence of the Yd2 gene (Ylp-MF: AATACAGGAATCTGTTGAAAGAA; Ylp-MR: TCATCATGGCTCGGAGAAGGTGG) (Ford et al. 1998 ). The population advanced to F5 using single seed descent. One hundred and ninety-eight individual F5 plants were harvested. The 198 F5 resistant advanced lines were evaluated using agronomic parameters in the 2006-2007 growing season in the semi-arid area of Kef, Tunisia, one of the most important regions for barley. These lines were laid out as an augmented design experiment using Manel and Rihane as controls, the most commonly grown barley varieties in Tunisia. Statistical analyses of principal component analysis (PCA) and ANOVA were applied using the STATISTICA 7.0 program (STATISTICA, Tulsa, OK). Twenty-one lines were selected and evaluated for agronomic performance until the 2012-2013 growing season.
Yield trial design
Twenty-one resistant and promising lines (including Imen, derived from the cross female parent QB813-2 × male parent Lignee 527/NK1272//JLB70-63) were then further evaluated for agronomic performance in Kef (a semi-arid region) for six growing seasons (from 2007-2008 to 2012-2013) , where the Tunisian varieties Manel and Rihane were regularly used as controls (Fig. 1) . This test was planted in a randomized complete block design trial with three replications. Plots consisted of six rows 25 cm apart and 2 m long. Entries were planted at 65 seeds m −1 . Plots were managed throughout the growing season by standard production practices and were irrigated when needed. No foliar fungicides were applied, and weeds and insects were controlled as needed. Coefficients of variation and least significant differences were also determined using a P value of 0.05. Traits used for selection included grain yield, biomass, test weight (1000-grain weight), flowering date, and plant height. The field performance of Imen was predominant compared with Manel and Rihane. These varieties have been grown on a large amount of acreage in Tunisia in recent years and have good regional adaptation.
Characteristics
Performance under artificial inoculation
The superiority of Imen under artificial inoculation (rate of BYDV infection > 95%) was significantly estimated (Fpr < 0.001) at 40%-55% and 48%-54% in terms of grain yield and biomass compared with the controls, respectively (Fig. 2) .
Performance under natural semi-arid conditions
Except for the 2009 growing season when Manel showed a slight superiority, the Imen variety proved very productive in low input conditions, and in the 2008-2009 growing season, we recorded 577 mm in precipitation, widely exceeding the average for a semi-arid area in Tunisia. In fact, Imen regularly produced more grains. It was superior compared with Manel and Rihane as shown in Fig. 2 . Considering the mean of the six growing seasons, Imen yielded 14% and 12% more grain than the controls Manel and Rihane, respectively (Fig. 3) . Imen is a high-yielding cultivar. The six-year (2008) (2009) (2010) (2011) (2012) (2013) average yield of Imen (38.8 q ha −1 ) (1 q is equal to 100 kg) was consistently higher than the trial mean (Fig. 3) . The average annual area over the last decade reached about 550 000 ha, with an average production of about 15 q ha −1 under favorable conditions (El Felah et al. 2015) .
Conclusion
Imen was officially registered in 2013 (Reg. No. 839, Jort 8 Feb. 2013 in the Tunisian catalog of plant varieties for commercial use by farmers. For breeding and research use, small quantities of the Imen seed can be obtained from the corresponding author for at least five years from the date of this publication.
